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IMPROVED SURGICAL LIGATION CLIP 

Related applications 

This application claims the benefit of U.S. Provisional Application No. 
60/425,521. filed November 12, 2002, the disclosure of which is incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to mechanical devices used in surgical 
procedures to obtain ligation or hemostasis and more particularly, to a ligation clip used 
during surgery to clamp vessels or ducts such as a cystic artery or cystic duct and 
thereby obtain ligation. 
Description of the Prior Art 

It will be appreciated by those skilled in the art that the use of ligation dips to 
control bleeding during surgical procedures is well known. As described, for example, 
in U.S. Patent Nos. 4,976,722 and 4,979,950, prior art clips are generally formed of 
metal wire usually a titanium alloy having a U-shaped cross section. Such prior art clips 
often include a grooved pattern machined into the inner or clamping surfaces of the clip 
in an attempt to enhance the ability of the clip to remain in position after it is closed 
around the vessel. Application of the clip to the vessel is often effected by means of a 
crushing action produced by a clip applier such as that disclosed in U.S. Patent No. 
5,030,226. Such crushing action permanently deforms the clips making them difficult to 
remove or reposition. 
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Prior art surgical ligation clips have several inherent problems. For example, the 
force applied by the clip to the vessel can be variable and inconsistent from one clip to 
the next because of the variation in crushing force applied to the clip by the user. 
Further, prior art clips have a tendency to slip off the end of the blood vessel stub (i.e., 
perpendicular to the axis of the vessel) to which it has been applied because of the low 
coefficient of friction associated with the clip and lack of adequate restraining force 
provided by the clip. Because of this, separation of the clip from the vessel to which it 
has been applied after the wound has been closed is not uncommon. A related problem 
found in the prior art is the fact that the ligation or restraining force offered by crushed 
clips vary along the length of the clip decreasing toward the open end. Thus, the 
section of the vessel near the open end of the clip can be inadequately ligated. 

It is also common in the prior art to form and crush the clip only at the time of itis 
application to the targeted vessel. In order to ligate a vessel with a crush clip, it is 
required that the inside clearance dimension of the clip prior to crushing be larger than 
the vessel. This does not lend itself to clip appliers designed to pass through small 5 
mm trocars. The applier must be inserted through a trocar placed through the patient's 
external tissues and into the surgical field. Thus, prior art ligation clip appliers used in 
laparoscopic procedures typically consist of a 10 mm diameter clip applier that can fit 
only through a trocar having a 10 to 1 1 mm diameter entry port. Because one goal of 
laparoscopic surgery is to minimize the size of the entry wound, a surgical ligation clip 
and clip applier that can be used within a 5 mm or even a 2.5 mm diameter port is highly 
desirable. One approach for providing a smaller diameter endoscopic clip applier is 
disclosed in U.S. Patent No. 5,601,573 to Fogelberg et al. The *573 patent applies a 
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complex manipulation to advance the clip in a closed position and then open the clip 
prior to placement. To place a clip, the '573 patent uses an overly complex multi-stage 
trigger mechanism for actuating a clamping jaw and advancing the clip. 

The clip described in the '573 patent is a spring-action clip that suffers frorh 
several deficiencies. First, the clip has little or no pre-load, which means that vessels or 
ducts of very small diameter have little or no ligation force applied. Vessels such as 
cystic arteries often fall into this small category. Secondly, the clip of the *573 patent 
provides for only a single point of contact of the clip on the vessel, this riequires a 
surgeon to use multiple clips to ensure ligation in case one clip is dislodged from the 
vessel by activity of the patient during a post-surgery period. The clip of the *573 patent 
is also very narrow in width and thereby has little or no utility for ligating vessels or torn 
tissue in an end-on or head-on application technique such as described in U.S. Patent 
No. 6,350,269 to Shipp et aL 

The *269 patent describes a clip that has many advantages for use in trocar entry 
wounds of 5 mm and smaller. The '269 clip includes a vessel clamping arm, a vessel 
support member, and tension coils integrally joining the arm and support member. The 
vessel support member includes two legs that are substantially parallel and joined by a 
bend section at the distal end of the clip. The vessel clamping arm includes a single leg 
with a bend section at the distal-most end of the clip and terminates at the free end of 
the single wire forming the clip at a point between the distal and proximal niost ends of 
the clip. Thus, the side of the clip of the *269 patent which contains the single leg of the 
clamping arm may subject the vessel being ligated to greater shear than necessary. 
The clip shown in Fig. 9 of the '269 patent can provide inadequate ligation for very small 
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vessels that can be woven between the legs of the vessel support member and the leg 
of the clamping member because of spaces between these three legs. The clip 
described in the *269 patent is not symmetric in applying a ligating force passing 
through the clip parallel to the longitudinal axis. Thus, when the clip is loaded into a clip 
applier, care must be taken to ensure that the clip is loaded in the proper orientation. 

Many clips of the prior art have an exposed free end which is small in dimension 
and can be caught or snagged on tissue during either the clip placement procedure or 
when in some circumstances the clip has to be removed. The clip of the '573 patent 
and the crush clips of the prior art are examples of clips that can snag tissue upon 
installation, the clip of the '269 patent has a free end generally pointed in the proximal 
direction and is an example of a clip that could snag tissue upon a removal procedure. 

What is heeded then is a spring-loaded ligation clip with a pre-load that supplies 
a ligating force to very thin vessels that has two points of ligation throughout the usable 
length of the clip. What is also needed is a spring clip having ligating memberis that do 
not interfere with tissue during the installation process so that tissues of varying 
thicknesses can be ligated throughout the usable length of the clip. What is further 
heeded is a clip that does not have a free end that could snag and become entangled in 
tissue during installation or removal procedures. What Is also needed is a clip with 
upper and lower support members that are symmetric to reduce or eliminate loading 
errors. A clip that satisfies one or more of these heeds is described. 

Further objects^ features, and advantages of the present invention will be readily 
apparent to those skilled in the art upon a reading of the following disclosure when 
taken in conjunction with the accompanying drawings. 
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SUMMARY OF THE INVENTION 
The present invention in one preferred embodiment is directed to a surgical 
ligation clip for ligating a fluid carrying structure. The clip includes an upper support 
member oriented generally along the mid-longitudinal axis of the clip, a lower support 
member oriented generally along the mid-longitudinal axis of the clip, and a connector 
that joins the upper and lower support members at the proximal end of the clip. The clip 
is formed of a single piece of wire having a first free end and a second free end that 
each terminate proximate the proximal end of the clip. 

Another preferred embodiment of the surgical ligation clip includes an upper 
support member and a lower support member that are each oriented generally along 
the mid-lorigitudihal axis of the clip between the proximal and distal ends of the clip, and 
a connector at the proximal end of the clip that joins the upper and lower support 
members. The clip is formed of a single piece of material having a first free end and a 
second free end that each terminate proximate the proximal end of the clip. At least 
one of the free ends face in a direction that is at least one of transverse to the mid- 
longitudinal axis of the clip and away from the proximal end of the clip. 

In another embodiment the present invention includes a method of ligating a fluid 
carrying structure which includes the steps of inserting into a body cavity of a patient a 
ligation clip having two free ends that terminate proximate the proximal end of the 
ligation clip; placing the ligation clip in an open position around at least a portion of the 
fluid carrying structure; and double ligating the fluid carrying structure with the clip. 
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It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory only and are not restrictive 
of the invention, as claimed. The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate exemplary embodiments of the 
invention and together with the description, serve to explain the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of a clip in accordance with one preferred 
embodiment of the present invention. 

Fig. 2 is a side elevation view of the clip of Fig. 1 . 
Fig. 3 is a top elevation view of the clip of Fig. 1 . 
Fig. 4 is a front elevation view of the clip of Fig. 1 . 

Fig. 5 is a cross sectional trailing end view taken along lines 5—5 of Fig. 2. 
Fig. 6 is a perspective view of a clip iri accordance with another preferred 
embodiment of the present invention. 

Fig. 7 is a top elevation view of a clip of Fig. 6. 

Fig. 8 is a front elevation view of the clip of Fig. 6. 

Fig. 9 is a top elevation view of the clip of Fig. 1 ligating a vessel. 

Fig. 10 is a perspective view of the clip of Fig. 1 ligating a vessel. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Reference will now be made in detail to the present preferred embodiments of 
the invention, examples of which are illustrated in the accompanying drawings. 
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Wherever possible, the same reference humbers will be used throughout the drawings 
to refer to the same or like parts. 

Referring now to the drawings and particularly to Figs. 1 to 5, a surgical spring 
dip is shown and generally designated by the numeral 100. Clip 100 has a proximal 
end 102 and a distal end 104 opposite proximal end 102 along the mid-longitudinal axis 
of clip 100. Clip too includes an upper vessel support member 106 and a lower vessel 
support member 108. Upper and lower support members 106, 108 are joined together 
by a coil 1 10 at proximal end 102. 

Coil 110 includes a first coil loop 112, a second coil loop 114, and an interior 116. 
First coil loop 112 is oriented generally parallel to the vertical longitudinal plane of clip 
100. Second coil loop 114 is integrally joined to first coil loop 112 and is oriented 
generally at an angle to the vfertical longitudinal plane of clip 100. First and second coil 
loops 112, 114 may be oriented at other angles relative to the vertical longitudinal plane 
or each other without departing from the broad scope of the present ihv^htidh. Other 
forms of connectors may be used in lieu of coil 1 1 0 to join upper and lower support 
members 106, 108 together. For example only, upper and lower members 106, 108 
may be connected by a bend section without any coils, by a single coil joop^ or by more 
than two coil loops. 

Upper support member 106 includes a first leg 118 connected to second leg 120 
by an enlarged loop section 122, First leg 118 terminates in a first free end 124 
proximate proximal end 1 02 of clip 1 00. Second leg 1 20 is joined to first coil loop 1 1 2 of 
coil 1 10. First and second legs 1 18, 120 of upper support member 106 are preferably 
pafaliel to one another and to the mid-longitudinal axis along a majority, and more 



preferably, along a substantial portion of the length of clip 100. First and second legs 
118, 120 have a recess that is preferably wide enough to accommodate the thickness of 
second coil 114 therein. 

Lower support member 108 includes a first leg 126 connected to a second leg 
128 by an enlarged loop section 130. First leg 126 is joined to second coil loop 1 14 of 
coil 110. Second leg 128 terminates in a second free end 132 proximate proximal end 
102 of clip 100. First and second legs 126, 128 of lower support member 108 are 
preferably parallel to one another and to the mid-longitudinal axis along a majority, and 
mdriB preferably, along a substantial portion of the length of clip 100. First and second 
legs 126, 128 have a recess that is preferably wide enough to accommodate the 
thickness of second coil 114 therein. 

First and second legs 1 18, 120 of upper support member 106 are orientied to 
generally overlie first and second legs 126, 128, of lower support merhber 108. The 
general longitudinal alignment of the pair of legs of upper and lower support members 
106, 108 provides a double ligation that is suitable for ligating small vessels. The leg 
pair configuration also provides a symmetry to the clip that reduces loading errors 
should the clip be loaded into a magazine for deployment. 

Upper and lower support members 106, 108 each preferably have a vessel 
contacting surface oriented toward one another for gripping a fluid carrying structure 
therebetween. The gripping force of the vessel contacting surfaces may be enhanced 
by adding a series of ridges, notches, burrs by machining, etching, or other surface 
enhancing treatment. 
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It will be appreciated that the legs of upper and lower support members 106, 108 
may curve in either or both the horizontal longitudinal plane or the vertical longitudinal 
plane. For example, in the horizontal longitudinal plane, firist and second legs 118, 120 
of upper support member 106 may be curved outwardly relative to the mid-longitudinal 
axis of clip 100 so as to create a larger recess proximate to the center of the clip. In the 
vertical longitudinal plane, upper and lower members 106, 108 may be curved so that 
the support members are in a generally convex or concave shape. Such a configuration 
can be beneficial where the surgical procedure involves a shape-sensitive tissue or 
bone structure. 

First leg 1 18 of upper support member 106 and second leg 128 of lower support 
niember 108 are each preferably provided with a pre-load force such that free ends 124, 
1 32 are held inside interior 1 1 6 of coil 1 1 0 and the width dimension at proximal end 1 02 
as measured perpendicular or transverse to the mid-longitudinal axis of clip 100 is 
mlhimized. A pre-load force is built iiitd the clip by virtue of the bends between first and 
second coils 1 12, 1 14 and second leg 120 of upper support member 106 and first leg 
126 of lower support member 108. Thus, the vessel contacting surfaces formed by the 
upper and lower vessel support members are held together with the force dictated by 
the torsion force in coil springs 1 12, 1 14. Preferably, a preload force Is imposed on 
uppel^ and lower support members 106, 108 so that the magnitude of the force is 
greater than necessary to move upper and lower members 106, 108 into contact. 

As shown in Fig. 5, portions of first leg 1 18 of upper support member 106 and 
second leg 128 of lower support member 108 are bent into an approximate 90 degree 
angle relative to the mid-longitudinal axis of clip 100 such that free ends 124, 132 face 
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each other when the legs 1 18, 128 terminate inside interior 1 16 of coil 110. Orienting 
free ends 124. 132 toward one another provides several advantages, for example, 
reduced risk of shagging of tissue during clip insertion and removal procedures and a 
reduction in size of the clip, which is beneficial for minimally invasive procedures. 

It will be understood that free ends 124, 132 may be oriented relative to the mid- 
longitudinal axis in a number of ways while still remaining within the scope of the 
present invention. For example, the free ends may be off-set vertically relative to one 
another so that the bend section of one of the legs overlies the bend section of another 
of the legs in a vertical plane transverse to the mid-longitudinal axis of dip 1 00. The 
free ends may be off-set horizontally relative to one another so that the bend section of 
the legs at proximal end 102 are in a side-by-side relationship in a horizontal plane 
transverse to the mid-longitudinal axis of clip 100. The free ends may also be offset 
relative to the vertical longitudinal plane such that one or both bend sections extend 
substantially the entire distance through interior 1 16 of coil 110. The free ends may 
also be configured to face away from one another, for example, along a plane 
transverse to the mid-longitudinal axis of clip 100. The free ends may face the same 
direction, for example, toward distal end 104 of clip 100. The direction that the free 
ends face need not be confined to a single plane. For example, one of the free ends 
may be oriented at an angle of 90 degrees reliative to the other of the free ends. 

The shape of each free end may be flat or curved, for example, dome-shaped. 
One of the free ends may have a convex shape to cooperatively engage ah opposed 
free end having a concave shape. Such a configuration enhances the stability of the 
free ends. 
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Figs. 6 to 8 show a second preferred embodiment of a clip of the present 
invention generally referred to by the reference number 200. Clip 200 operates in a 
similar way to clip 100 shown in Figs. 1 to 5 except that enlarged loop sections 122, 130 
are replaced by substantially parallel loop sections 222, 230 as shown in Fig. 8. The 
reduced width of parallel loop sections 222, 230 provides the added advantage of 
reducing the over-all width of the clip. Additionally, the parallel loop sections have an 
inner and external side surface configuration that is generally parallel to one another 
along the longitudinal axis of the clip. In this manner, more of the interior space of the 
loops is occupied as compared to the embodiment of Fig. 1 . It will be understood that 
the features described in relation to clip 100 are generally applicable to clip 200 while 
still remaining within the broad scope of the present invention. 

The spring action of the clips of the present invention may be characterized using 
the equations of The Machinery's Handbook, pages 347-359, and The Associated 
Spring Design Handbook, pages 61-65. The spring clip$ described in both 
embodiments of the present invention are preferably compound springs. With reference 
to Fig. 1, upper and lower support members 106, 108 are held into contact by virtue of 
the torsion coils 112, 1 14 as described in the above references. In addition, loop 
sections 122, 130 also serve as torsion coil biases. Loop section 122 supplies the 
torsion force for first leg 1 18 of upper support member 1 06. If upper and lower support 
members 106, 108 are separated, a restoring force generated by coil 110 is provided by 
virtue of first and second coils 112, 114. Similarly, if first leg 118 of upper support 
member 106 and second leg 128 of lower support member 108 are moved in a plane 
perpendicular to the mid-longitudinal axis of the clip 100, loop sections 122, 130 will 
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supply a restoring force that tends to nnove the legs back into the original parallel 
position. Thus, the spring clip of both the first and second embodiment is preferably a 
compound torsion coil with torsion bias loops supplying restoring forces into 
perpendicular axes. The spring clip in both the first and second embodiments are 
shown in the equilibrium position in Figs. 1 and 6. In this state, the clips have been 
formed so that a pre-loaded force exists in each of the two orthogonal axes described 
above. 

Upper and lower support members 106. 108 may be moved to a closed position 
to ligate a fluid carrying structure without imposing a preload on the clip. For example, 
upper and lower members 106,108 may be adapted to be clamped by a separate 
device, or clip 100 may be formed of a conventional shape memory material. 

Having described the apparatus, methods for its use will now be described. It 
should be understood that the order in which the method is performed is only preferred 
and that the steps may be performed in other orders while still remaining within the 
scope of the present invention. Additionally, some steps may be repeated as necessary 
or omitted. 

A preferred method for performing a surgical procedure with a clip includes 
inserting a ligation clip into a body cavity of a patient through a cannula preferably 
having a maximum diameter of 5 . mm or less. The clip is preferably inserted using a clip 
applier such as described in U.S. Patent No. 5,858,018, filed October 3, 1994. or U.S. 
Patent No. 6,350,269, filed March 1 , 1999, the disclosures of both of being incorporated 
herein by reference, 
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Before placing a clip completely on a vessel or other fluid carrying structure, the 
vessel is preferably preclamped so that the diameter of the vessel is reduced to a 
sufficient point where the maximum clearance between the upper and lower support 
members will permit the vessel to be between the support members. The clip is then 
placed in an open position about the vessel and allowed to move to the closed position 
to create a double ligation. 

Figs. 9 and 10 show a vessel that has been double-ligated by clip 100. The 
longitudinal arms of upper and lower support members 106,108 generally overlie one 
another and ligate the vessel with minimal shear forces. 

The method of the present Invention is also suitable for ligating a stub end of a 
lumen. It will be appreciated by those skilled in the art that sometimes instead of 
placing clip 100 transversely across the length of a vessel as illustrated in Figs. 9 and 
10, it will be desirable to approach a stub end of a lumen head-on. With prior art clip 
designs this can be very difficult. This can be accomplished with clip 100 owing to the 
transverse width of loop sections 122, 130 which provide clamping surfaces that are the 
foHA/ard portions of loop sections 122, 130. 

The clips of the present invention are preferably made of a single material. It will 
be appreciated that various combinations of materials may be used while still remaining 
within the scope of the present invention. A suitable material from which the clips of the 
present invention can be formed is wrought titanium 6A1-4V ELI alloy wire having a 
nominal diameter of 0.75 mm, and which meets ASTM Standard F1 36-92. The clips 
may also be formed of a conventional shape memory material. 
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The clips can be made of wire having a non-circular cross section, or formed 
from wire having a combination of circular and non-circular sections. For example, coil 
110 and/or support members 106, 108 could be stronger if formed from wire having a 
square or rectangular-shaped cross section. 

The clips of the present invention preferably have a maximum dimension 
transverse to the mid-longitudinal axis of the clip in the closed position of approximately 
5 mm so as to be available for use in procedures utilizing 5 mm or smaller cannulas. 

With reference to Fig. 1 , the outer diameter of either of loop sections 122. 130 
may be generally equal to or greater than the outer diameter of either of first and 
second coil loops 1 12, 1 14. It will be appreciated that the outer diameter of loop 
sections 122, 130 may be generally equal or different. Further, the loop sections at the 
distal end of the clips shown in Figs. 1 and 6 may have other shapes without departing 
from the scope of the present invention. 

Other embodiments of the invention will be apparent to those skilled in the aft 
from consideration of the specification and practice of the invention disclosed herein. It 
is intended that the specification and examples be considered as exemplary only, with a 
true scope and spirit of the invention being indicated by the following clairns. 
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